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Global warmingGlobal warming––link to COlink to CO22
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Storage VolumeStorage Volume

Assumed Advances In
•Fossil Fuels
•Energy intensity
•Nuclear
•Renewables

Carbon capture & disposal

(Edmonds, 2004)

13 Gt/y CO2≈ 280 MBbl/day
25 Gt/y CO2≈ 540 MBbl/day
Oil: 77 MBbl/d Oil Prod (2003)
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Comparison of fuelsComparison of fuels
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 Sequestration cost must be $15 / ton CO2 or less



COCO22 and relevance toand relevance to oil and gasoil and gas
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Technologies for CO2 sequestrationTechnologies for CO2 sequestration

 Ocean sequestration
–Monitoring (pH, ion-specific monitoring)

 Geological sequestration
–Geology services …(logging/evaluation, characterization,  caprock integrity)
–Monitoring services

» Seismic, electrode arrays, gravity
» CO2 sensors

–Reservoir simulation / modeling / economics
–Well completions, services, and stimulation

» Acid/Fracture treatments
» Optimal well construction
» Wellbore isolation: cementing

 Infrastructure



CO2CO2--related R&D in Schlumbergerrelated R&D in Schlumberger

US
Monitoring/logging
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Simulation
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Worldwide projectsWorldwide projects
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Technologies in Field ProjectsTechnologies in Field Projects

 Seismic

 Logging, reservoir evaluation

 Monitoring, CO2 dissipation, containment

 Wellbore isolation

 Simulation



SeismicSeismic



Sleipner

CO2 store project

1994 1999 2002



Reservoir EvaluationReservoir Evaluation



The Mountaineer PlantThe Mountaineer Plant

 1.3 GW pulverized-coal unit

– By barge/rail

 8 Mton/y of CO2

 NOx removal installed

 SOx removal planned for future



St Peters SandstoneSt Peters Sandstone



Rose Run SandstoneRose Run Sandstone



Can we monitor COCan we monitor CO22??

 Change in acoustic velocities, impedance < 8%

Bulk Modulus
Velocity
Compressional

Density



Monitoring ExperimentMonitoring Experiment ––FrioFrio
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Very modern facilitiesVery modern facilities



TOUGH2 ModelTOUGH2 Model

Doughty, LBNLDoughty, LBNL

New dip

Old dip



Pulsed Neutron MonitoringPulsed Neutron Monitoring
Sigma vs CO2 Saturation at 100ppk Brine
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11--6 Time6 Time
LapseLapse

6.run: pressure gradient in
borehole: water gradient

Sigma increase after
5.run salinity equalization

(fresh completion water with
saline formation water)

Borehole salinity: run 1
high, run 5&6 fresh water

Run 5&6: constant temperature



Monitoring vs. SimulationMonitoring vs. Simulation

LBNL + Schlumberger



SafetySafety



Area Well Data (Area Well Data (MeigsMeigs County)County)

Target



Portland cement reactions with COPortland cement reactions with CO22

CO2 + H2O H2CO3 H+ + HCO3–

Ca(OH)2 + H+ + HCO3– CaCO3 + 2H2O

C-S-H phase + H+ + HCO3– CaCO3 + amorphous
silica gel

CO2 + H2O + CaCO3 Ca(HCO3)2

Ca(HCO3)2 + Ca(OH)2 2CaCO3 + H2O



Well IntegrityWell Integrity

 Portland cement is unstable thermodynamically (moist CO2 )

 Industry specifications–lacking

 Development of standard testing conditions



Reaction FrontsReaction Fronts



SimulationSimulation



Contour plots of CO2 saturationContour plots of CO2 saturation contdcontd



External ParticipationExternal Participation

 GCEP at Stanford, CA, USA

 IPGP, France
–Mineral sequestration

 CO2CRC, Australia
–Field Projects
–Consortium

 TxEC



Can the Oil and Gas Industry HelpCan the Oil and Gas Industry Help

 Planning and operation is analogous to oil & gas
–Upstream and downstream roles are reversed

 Size and scope of CO2 sequestration is vast
–Cost reduction is essential

 Safety and public trust is vital

 How is it going to be paid?
– Trading based on caps?
–Carbon tax?




